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INTRODUCTION
Complex ankle injuries include ankle fractures. Ankle frac-
tures currently account for nine percent of fractures, and in-
cidence and severity are increasing (Tartaglione et al.,
2015). Approximately one in seven ankle fractures are asso-
ciated with an injury to the tibiofibular syndesmosis (TFS)
(Hunt, 2013). The diagnostics and treatment of ankle
trauma, including TFS injuries, remain challenging.
In clinical practice, ankle fractures have three classifica-
tions: Danis-Weber classification, AO classification and
Lauge-Hansen classification. Every classification system
for ankle fractures is designed to help the surgeon to decide
on appropriate treatment, assessment of the prognosis and
all of the classification systems can be used as guide for the
neccesary treatment (Karlsson et al., 2013).
Danis-Weber classification proposed the system based on
the localisation of the main fibular fracture line, dividing
fractures into three groups: type A (below the TFS level),
type B (at the TFS level), and type C (above the TFS level).
Nevertheless, this classification does not consistently pre-
dict the extent of the injury in the TFS and other structures
(da Fonseca et al., 2017).
AO/OTA classification expanded the Danis-Weber classifi-
cation and takes into account the fibular fracture level in re-
lation to the TFS, the location of the fracture lines, degree
of comminution and damage to other structures (Buckley et
al., 2017).
Lauge-Hansen classification is based on foot position at the
time of the traumatic event (supination or pronation) and the
direction of the deforming forces (abduction, adduction, or
external rotation). This classification was created in 1942 by
Lauge-Hansen and was the first modern classification sys-
tem for fractures related to the ankle. The classification is
used to diagnose ankle injuries in context with the trauma
mechanism and types of ankle injuries are subdivided into
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The diagnostics and treatment of ankle trauma remain challenging as they enable the patients' re-
turn to work and ability to perform daily activities. The aim of the study was to evaluate character-
istics and outcomes of ankle injuries, focusing on the trauma mechanisms in winter and summer
seasons. A retrospective study was conducted of 182 patients with ankle injuries, admitted to the
Hospital of Traumatology and Orthopaedics in 2014, 2015, and 2016 from the months December
to February, and from June to August. Patients with supination-external rotation (SER) type ankle
injuries were included in the functional outcome evaluation. Our results suggested that most of
the injuries were SER type, stage IV in both seasons, and that more than 2 3 of the SER type ankle
injuries that needed surgery were in the winter season. In patients with tibiofibular syndesmosis
(TFS) rupture the functional results were worse than in those without TFS rupture, but in winter
and summer seasons they seemed to be without statistical difference.
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stages of increasing severity (Browner et al., 2015, pp.
2189–2250; Boszczyk et al., 2018). Supination-external ro-
tation (SER) type injuries account for most of all ankle frac-
tures — 40% to 75% of ankle fractures, pronation-external
rotation (PER) type fractures — 5% to 20%, pronation-ab-
duction (PA) type — 5% to 20%, and supination-adduction
(SA) type fractures — 5% to 20% (Egol et al., 2015).
We used Lauge-Hansen classification in our study to evalu-
ate seasonal characteristics of ankle injuries, based on the
mechanism of the trauma.
Patients’ evaluation with SER type injury traumatic TFS
damage is a topical issue, because 50 percent of SER type
(Danis-Weber B type) fractures are associated with TFS in-
jury. To determine if TFS damage is radiologically detect-
able, tibiofibular clear space (TFCS) measurement is used
(Hermans et al., 2010).
Anatomical reduction of the fibula in the fibular notch of
the tibia and fixation of TFS in case of its rupture is impor-
tant to restore a talocrural joint (Pallis et al., 2018). The
functional outcome and quality of patients’ life mostly de-
pend on this.
For the assessment of functional outcome in patients after
ankle injuries, the Foot and Ankle Disability Index (FADI)
is used (Martin et al., 1999). Using FADI activities involv-
ing ankle joint, functional impairments can be identified, fu-
ture treatment planned, rehabilitation measures and their ef-
fectiveness evaluated.
Higher magnitude of forces deforming the bone during
trauma can cause more severe fracture patterns (Obrant,
2000, pp. 309–312; Lerner and Solomin, 2012). Seasonal
characteristics of ankle injuries are important, because slip-
ping on ice related ankle injuries in winter and twisting an-
kle injuries in summer can be caused by different position-
ing of the foot at time of injury, difference in trauma
mechanisms and directions of deforming forces, and the
magnitude of loading can be higher in winter than in sum-
mer.
The aim of the study was to evaluate characteristics and
outcomes of ankle injuries, focusing on the trauma mecha-
nism in summer and winter seasons.
MATERIAL AND METHODS
Patient selection. Retrospective material analysis of 182
patients with ankle injuries treated in the Hospital of
Traumatology and Orthopedics in 2014, 2015, 2016 during
time periods of December to February and from June to Au-
gust was performed using hospital case-records. December,
January and February were chosen as the time period for the
winter season and June, July and August were chosen as the
months of the summer season. Patients were included in the
study if they had low-energy ankle injury and were treated
surgically. Low-energy injury was defined as a twisted an-
kle, or fall from a standing height or low height (< 1 m)
(Zhu et al., 2020). Inclusion criteria of patients in the winter
season were information in the patients’ case-record about
slipping on ice injury. Ankle fractures were classified ac-
cording to the Lauge-Hansen classification by using pa-
tients' preoperative radiographs.
The inclusion criteria in the study for the functional out-
come evaluation were patients with SER type injuries, 18 to
65 years of age, and both sexes. Patients who were missing
in follow-up or had a history of another trauma of lower ex-
tremities after ankle trauma, were excluded from the func-
tional outcome analysis. Figure 1 shows the flowchart of
patient selection.
Evaluation methods. For the radiological assessment, pre-
operative, postoperative and follow-up anteroposterior and
lateral radiographs were evaluated by a radiologist experi-
enced in musculoskeletal radiology. The TFCS measure-
ment was used to determine if TFS was radiologically de-
tectable. A TFCS greater than 5 mm was considered as TFS
injury (Hermans et al., 2012; Egol et al., 2015). The TFCS
measurement after TFS surgery presented the possibility to
more accurately assess the anatomical reduction of the fib-
ula in the fibular notch of the tibia. The TFCS measurement
was performed in the anteroposterior radiograph (Fig. 2).
Fig. 1. Flowchart of the patient selection; SER, supination-external rota-
tion; TFS, tibiofibular syndesmosis.
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Fig. 2. Measurement of the
tibiofibular clear space (TFCS)
in the anteroposterior radio-
graph of the ankle between the
lateral border of the antero-
lateral tibial tubercle (Tilloux-
Chaput tubercle) and the me-
dial border of fibula at 10 mm
above and parallel to the tibial
plafond (line X).
The decision about treatment of a ankle injury was made
taking into account the findings of the clinical examination,
standard anteroposterior and lateral radiographs. The treat-
ment algorithm was based on restoring normal ankle joint
anatomy, providing stability for early movement. Stable and
undisplaced ankle fractures were treated conservatively.
Unstable and displaced ankle fractures were treated by open
reduction and internal fixation. Nevertheless, decision to
perform surgery and the surgical method was based on the
trauma mechanism and soft tissue condition, as well as pa-
tient age and comorbidities. In our hospital, if TFS injury
requires fixation, we use surgery with fibulotibial syndes-
motic position screw (FTSPS) fixation, which is a standard
method for TFS fixation. The syndesmotic instability during
surgery is checked using a bone hook test.
Patients were given spinal anaesthesia and they were placed
on a radiolucent operating table in a supine position. A
pneumatic tourniquet was used. A longitudinal incision was
performed along the posterior margin of the fibula. The lat-
eral malleolar fracture was reduced and fixed with a non-
locking semi-tubular plate. Open reduction and internal
fixation of the medial malleolar fracture were then per-
formed using a cancellous screw and K-wire. The decision
about the stability of the TFS was made after its evaluation
intraoperatively. The fibula was grasped with a bone hook
and gently pulled posterolaterally to reveal any significant
residual tibiofibular instability. If the stability was insuffi-
cient, one 3.5 mm FTSPS in the semi-tubular plate, 2 cm
proximal to the tibial plafond was inserted while the fibula
was held in its anatomical relation to the tibia. The length of
this screw was chosen to pass through the TFS and not to
pass through the medial tibial cortex (Buckley et al., 2017).
The functional outcome of patients with SER type injuries
was evaluated 16–37 months after the trauma. The patients
were recruited for the evaluation of functional outcome.
Those who did not respond to three phone calls and/or the
invitation letter, refused to participate in the study or had
history of another trauma of lower extremities after ankle
trauma, were excluded. The patients’ complaints, functional
and radiological assessment were included in the evaluation
of outcomes. One group was comprised of patients who had
TFS rupture and had undergone surgery with FTSPS fixa-
tion, and the second group were patients without TFS rup-
ture and who had undergone surgery without FTSPS fixa-
tion.
The patients’ complaints were evaluated and functional as-
sessment was performed based on 26 criteria according to
the FADI scale for grading the foot and ankle disability. Ac-
tivities on this scale are arranged from 0 to 4 points accord-
ing to the level of difficulty to perform activities: no diffi-
culty at all (4 points), slight difficulty (3 points), moderate
difficulty (2 points), extreme difficulty (1 point), unable to
do the activities (0 points) (Hale et al., 2005). The points
obtained were analysed in both groups. The FADI scores
were calculated in percentage terms and the difference be-
tween the mean FADI scores between the two groups was
determined.
The FADI scores in patients who had TFS rupture were
compared with the width of the TFCS in the postoperative
anteroposterior radiographs. The preoperative TFCS and
FADI scores for these patients were compared between
summer and winter season trauma.
The study was permitted by the Ethics Commision of the
Hospital of Traumatology and Orthopedics (Nr. 7,
24.03.2017).
Statistical analysis. The statistical analysis was performed
with SPSS software version 20.00 or data was evaluated in
percentages, as appropriate. The FADI points and scores
were expressed as mean ± standard deviation. A Kolmo-
gorov-Smirnov test was used to detect normality of data
distribution. A Student's t-test was used for the FADI mean
points and mean scores comparison between both groups. A
nonparametric Mann–Whitney test for two independent
samples was used for comparing TFCS in winter and sum-
mer season in patients who had TFS rupture. The Pearson
test was used to determine correlation between FADI scores
and width of the TFCS in patients who had TFS rupture. A
p-value < 0.05 was considered statistically significant.
RESULTS
The retrospective study included 182 patients admitted in
the hospital with ankle injuries. Ankle injuries were evalu-
ated according to Lauge-Hansen classification. In our study
134 (74%) patients had SER type, 28 (15%) patients —
PER type, 13 (7%) patients — PA type and 7 (4%) patients
— SA type injuries.
From the study material, 123 (67.6%) patients had winter
season and 59 (32.4%) patients had summer season injuries.
Distribution of patient frequency admitted in the hospital
with ankle injuries according to the trauma mechanism be-
tween winter and summer seasons is summarised in Figure
3.
The summary of types and stages of ankle injuries and their
seasonal characteristics in our study are summarised in Ta-
ble 1.
Fig. 3. Patients frequency with ankle injuries, admitted to the hospital, ac-
cording to the trauma mechanisms between winter and summer season;
SER, supination-external rotation; PER, pronation-external rotation; PA,
pronation-abduction; SA, supination-adduction.
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Of 134 patients with SER type ankle injuries, 44 patients
had TFS rupture and had undergone surgery with FTSPS
fixation, and 90 patients did not have TFS rupture. The fre-
quency of stages of SER type injuries in winter and summer
seasons are shown in Figure 4.
Furthermore we evaluated medium-term outcomes in 53 pa-
tients with SER type injuries 16–37 months after the trauma
who met the inclusion criteria. There were 23 patients (14
women and 9 men), mean age 50.8, with TFS rupture; and
30 patients (23 women, 7 men), mean age 48.7, without
TFS rupture.
Patients with TFS rupture had a mean FADI score 91.80 ±
8.99 (65.38–100); patients without TFS rupture had a mean
FADI score 95.90 ± 6.27 (68.27–100) (p = 0.017).
Eleven patients with TFS rupture had SER type stage III in-
juries, and 12 patients had SER type stage IV injuries. Nine
patients had posterolateral corner fractures less than 25 per-
cent of the articular surface on the lateral radiograph, and
none of them were fixated. In this group in the preoperative
anteroposterior radiograph the TFCS was from 2.50 to
11.39 mm, mean 5.47 ± 2.24 mm; in the postoperative
anteroposterior radiographs the TFCS was from 1.12 to 9.94
mm, mean 3.20 ± 2.98 mm (p = 0.20). There was a moder-
ate negative correlation between FADI score and TFCS
(rs = –0.61347, p = 0.001).
During evaluation of functional results, in 14 patients
FTSPS had been removed, in six patients all implants had
been removed, and in three patients no implants had been
removed.
The mean points of the FADI scale in patients with TFS
rupture were low in the following aspects: walking on even
ground without shoes, walking up stairs, walking down
stairs, squatting and recreational activities (Table 2).
Table 1. Ankle injuries types and stages
Injury type Injury stage
I, n II, n III, n IV, n
SER
Winter n = 92 (68.6%)










Winter n = 18 (64.3%)










Winter n = 8 (61.5%)










Winter n = 5 (71.4%)









SER, supination-external rotation; PER, pronation-external rotation; PA,
pronation-abduction; SA, supination-adduction; -, no stage; n, the number
of patients in the group.
Fig. 4. Supination-external rotation (SER) type injuries, stages I, II, III, IV
frequency according to the Lauge-Hansen clasification in winter and sum-
mer seasons.
Table 2. Mean points of the FADI scale activities in the group of patients
with TFS rupture and group of patients without TFS rupture









Mean (points) Mean (points)
1. Standing 3.91 3.97 0.26
2. Walking on even ground 3.78 3.90 0.15
3. Walking on even ground with-
out shoes
3.61 3.87 0.04
4. Walking up hills 3.57 3.70 016
5. Walking down hills 3.57 3.67 0.26
6. Going upstairs 3.17 3.57 0.01
7. Going downstairs 3.39 3.77 0.02
8. Walking on uneven ground 3.61 3.87 0.09
9. Stepping up and down curves 3.48 3.73 0.12
10. Squatting 2.83 3.40 0.03
11. Sleeping 3.96 3.97 0.85
12. Coming up to your toes 3.13 3.50 0.17
13. Walking initially 4.00 3.97 0.38
14. Walking 5 minutes or less 4.00 4.00 1.0
15. Walking approximately 10
minutes
4.00 3.97 0.38
16. Walking 15 minutes or more 3.74 3.93 0.12
17. Home responsibilities 3.96 3.97 0.85
18. Activities of daily living 3.83 3.93 0.30
19. Personal care 3.87 3.97 0.19
20. Light to moderate work
(standing, walking)
3.83 3.97 0.15
21. Heavy work (push/pulling,
climbing, carrying)
3.35 3.60 0.21
22. Recreational activities 3.70 3.97 0.01
23. The general level of pain 3.78 3.93 0.19
24. Pain at rest 3.87 3.97 0.22
25. Pain during your normal ac-
tivities
3.61 3.80 0.38
26. Pain first thing in the morning 4.00 3.97 0.26
n, the number of patients in the group; TFS, tibiofibular syndesmosis;
FADI, the Foot and Ankle Disability Index.
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From those patients who had TFS rupture, eleven patients
had winter season ice-related trauma and 12 patients had
summer season trauma. In the preoperative anteroposterior
radiograph in winter trauma, the TFCS was from 3.74 to
9.03 mm, mean 6.32 ± 1.72 mm; in summer trauma — from
2.50 to 11.39 mm, mean 4.68 ± 2.42 mm (p = 0.019). In the
postoperative anteroposterior radiograph in winter trauma,
the TFCS was from 1.32 to 9.94 mm, mean 3.97 ± 2.41
mm; in summer trauma — from 1.12 to 6.26 mm, mean
2.75 ± 1.33 mm (p = 0.176). The mean FADI score in the
group with TFS rupture in winter was 91.43 ± 9.83
(65.38–100); the mean FADI score in summer was 92.22 ±
8.14 (75–100) (p = 0.926).
From those patients without TFS rupture, 20 patients had
winter season ice-related trauma and ten patients had sum-
mer season trauma. The mean FADI score in this group in
winter was 97.49 ± 3.45 (90.38–100); the mean FADI score
in summer was 92.98 ± 9.33 (68.27–100) (p = 0.061).
DISCUSSION
The goal of the diagnostics and surgical treatment of pa-
tients with ankle injuries is to achieve functional outcome.
The seasonal and weather characteristics of ankle trauma
are described in the literature. More ankle fractures are re-
ported due to a fall in winter than in spring and summer
(Wynkoop et al., 2017; Shukla et al., 2018). This was also
found in our study. Literature also points out that weather
and seasonal variations of ankle injuries are important, as
they account for the major part of all trauma patients admit-
ted in the hospital, especially in the winter season, and thus
affect hospital resources; this data could be useful for deter-
mining staffing requirements and resource allocation (Ris-
ing et al., 2006; Friede et al., 2009).
Our research analysed the characteristics and outcomes of
ankle injuries caused by different trauma mechanisms in
winter and summer seasons. The percentage of SER, PER
and PA types of ankle injuries according to Lauge-Hansen
classification in our study was in line with the frames re-
ported in literature, but we also established that in the first
place percentage-wise were SER type injuries, and in sec-
ond place — PER type injuries in both seasons, in winter
season accouting for approximately 2 3 more of these inju-
ries. These results seem to highlight a tendency that the
dominating direction of the deforming force is external rota-
tion, in both winter and summer seasons. Supination-
external rotation type stage IV injuries were approximately
twice more prominent in the winter season, with more ankle
anatomical structures involved than in summer season.
Supination-adduction type injuries were less than Egol et
al., 2015 reported. Our results show more severe injuries in
winter than in summer, which can point to higher loading
magnitude during trauma in winter than in summer.
Using Lauge-Hansen classification in the context of the
trauma mechanism in the evaluation of ankle injuries, we
were able to predict injuries that could not be clearly visible
in radiographs and suggested the need for additional imag-
ing, thus it being essential in the diagnostics and preparation
for the appropriate surgical treatment.
We evaluated the outcomes of patients with TFS rupture
and FTSPS fixation in the context of season, as the treat-
ment and outcomes of these ankle injuries are more contro-
versial. The TFS is critical for maintaining the stability of
ankle mortise, holding together distal tibia and fibula with
four ligaments: anterior-inferior tibiofibular ligament,
posterior-inferior tibiofibular ligament, inferior transverse
tibiofibular ligament and interosseous ligament. Tibiofibu-
lar syndesmosis rupture involves the full extent of interosse-
ous ligament and the ankle mortise is unstable (Thompson
et al., 2009).
Patients were evaluated 1–3 years after surgery, because
some studies showed that in most cases the functional out-
come one year after trauma did not change significantly and
evaluation in the medium-term after trauma gave a possibil-
ity to treat the pathology if found (Castillo et al., 2011;
Lennquist, 2012). We used FADI score for the evaluation of
functional outcome, as it shows criteria reflecting patients
ability to perform everyday activities and work.
We compared our patients’ outcomes with those in litera-
ture data, with ankle injuries and TFS rupture, operated by
using FTSPS fixation. The research described in literature
shows that horizontal distance between the medial cortical
border of fibula and radiodense line of the tibiofibular notch
1 cm above the ankle joint was measured between 3 and 13
mm with a 7.1 mm average value preoperatively and be-
tween 2 and 6 mm with a 3.6 mm average value postopera-
tively (Sipahioglu et al., 2018). In our study, the mean
TFCS was 5.47 mm in the preoperative anteroposterior ra-
diographs, and 3.20 mm in the postoperative anteroposterior
radiographs.
Patients who had suffered from SER type ankle injuries
without TFS rupture had better medium-term functional
outcome than patients with TFS rupture and FTSPS fixa-
tion.
In an other study, the outcome evaluation mean FADI score
was 93.13 in simple ankle fractures (without TFS rupture)
(Sharma et al., 2016).
Narrow TFCS significantly correlated with high FADI
scores due to the anatomical reduction of the fibula in the
level of TFS for the functional outcome after ankle injuries
with TFS rupture.
We did not divide patients into groups according to the
FTSPS removal, because in the patient group with TFS rup-
ture, FTSPS had been removed in more than 2 3 of patients
during functional outcome evaluation, all implants had been
removed in approximately 1 3 patients and no implants had
been removed in only 3 patients. Research has shown no
statistical difference in the clinical outcome of patients who
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had their FTSPS removed and those who had not (Hamid et
al., 2009)
Naqvi et al. performed a study to assess the outcome after
FTSPS fixations with a follow-up of 2.5 years. Regarding
the clinical outcome, these patients showed a mean FADI
score of 81.22 (Naqvi et al., 2012). In our study the mean
FADI score was 91.80 in patients who had TFS rupture.
One patient had unsatisfactory syndesmotic reduction — the
TFCS after surgery was 9.94 mm, and the patient had a
FADI score of 65.38 in the follow-up.
Studies have shown that TFS rupture leads to a significant
restriction in dorsiflexion in the ankle joint (Manjoo et al.,
2010; Kohake et al., 2019). The mentioned literature data
support our findings, because in our study of patients with
TFS rupture the most difficult was walking on even ground
without shoes, walking up stairs, walking down stairs,
squatting and recreational activities that demand dorsiflex-
ion in the ankle joint. Taking into account the findings in
the examination by using the FADI scale, early rehabilita-
tion measures are recommended for these patients to im-
prove the range of the ankle dorsiflexion and activities de-
manding this movement.
This study highlights the characteristics and outcomes of
ankle injuries caused by different trauma mechanisms and
energy in winter and summer seasons, as well as the neces-
sity of planning of hospital resources. We recommend care-
ful evaluation of the ankle injuries using Lauge-Hansen
classification since the injury type is essential in the diag-
nostics and preparation of the appropriate surgical treat-
ment.
CONCLUSIONS
The findings in our study show that more than 2 3 of the an-
kle injuries of all types, according to the Lauge-Hansen
classification, which needed surgery, were in the winter sea-
son.
In patients who underwent surgery, approximately 2 3 SER
type injuries occurred in winter and approximately 1 3 SER
type injuries in summer season. Supination-external rotation
type stage IV injuries were contributed approximately 2 3 of
all SER type injuries in both seasons.
In the radiological results, mean TFCS in the preoperative
radiograph in winter was larger than in summer injuries, but
in the postoperative radiograph there was not any statistical
difference in injuries between both seasons.
In comparing of patients who had SER type ankle injuries
with TFS rupture, and without TFS rupture — in patients
with TFS rupture the functional results were worse, but
without statistical difference between winter and summer
seasons.
Limitation of the study. Due to the relatively small
number of SER type ankle injury patients with FTSPS fixa-
tion and seasonal injuries, our results should be taken cau-
tiously. Further studies on larger patients groups will be
needed to confirm the results.
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PÇDAS LOCÎTAVAS TRAUMU ZIEMAS UN VASARAS SEZONÂLÂS ÎPATNÎBAS UN REZULTÂTI
Pçdas locîtavas traumu ârstçðana joprojâm ir izaicinâjums, jo no tâs rezultâta ir atkarîgs, cik labi pacients spçs veikt ikdienas aktivitâtes un
kad atgriezîsies darbâ. Darba mçríis bija novçrtçt pacientiem pçdas locîtavas traumu îpatnîbas un rezultâtus saistîbâ ar traumas mehânismu
ziemas un vasaras sezonâ. Veikta retrospektîvâ materiâla analîze 182 pacientiem ar pçdas locîtavas traumâm, kuri 2014., 2015., 2016. gadâ
no decembra lîdz februârim un no jûnija lîdz augustam ârstçjuðies Traumatoloìijas un ortopçdijas slimnîcâ. Funkcionâlâ rezultâta
novçrtçðanâ iekïauti pacienti, kuriem bija supinâcijas-ârçjâs rotâcijas (SÂR) izraisîtas traumas ar tibiofibulârâs sindesmozes (TFS) bojâjumu
un bez TFS bojâjuma. Pçtîjuma rezultâti parâda, ka lielâkâ daïa bija SÂR tipa izraisîti IV pakâpes bojâjumi abâs sezonâs, vairâk kâ 2 3 no
pçdas locîtavas traumâm, kuras ârstç íirurìiski, notika ziemâ. Funkcionâlie rezultâti pacientiem ar TFS bojâjumu bija sliktâki nekâ
pacientiem bez TFS bojâjuma, bet bez sezonâlâs atðíirîbas.
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